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In the KBS-3 concept for the nuclear waste repository, designed by the Swedish Nuclear Fuel and Waste
Management Co. (SKB), the bentonite buffer is placed around the copper canisters that contain the spent
nuclear fuel, isolating it of the host rock. In order to check – hypotheses for the evolution of the bentonite
buffer under the thermo-hydraulic conditions expected in a KBS-3 repository, SKB is conducting a series
of long term buffer material (LOT) tests at the Äspö Hard Rock Laboratory (HRL).

In the present work, numerical simulations are developed to simulate:

i) thermo-hydraulic processes;

ii) geochemical reactions and;

iii) transport of solutes,

that have been measured in the LOT A2 test (Karnland et al., 2008), and, that are expected in the near-
field of a KBS-3 repository.

The numerical model for the LOT A2 test is based on analytical results (Villar et al., 2008) and on field-
scale experiments (Karnland et al., 2008). The validation of this model allows us to implement it for the
thermal period of the near field of the KBS-3 repository, based on previous modelling exercises (Arcos
et al., 2003; Arcos et al., 2008).

During the operation of a KBS-3 repository (after deposition of the copper canisters), the unsaturated
bentonite will be submitted to a relatively high thermal gradient, induced by the radioactive decay of the
spent nuclear fuel. On the other hand, the saturated host rock will provide aqueous solution to the
unsaturated bentonite, induced by differential hydraulic pressures, under specific thermal and mechanic
conditions. In this context, the bentonite will gradually become fully water saturated. Experimental results
(Karnland et al., 2008) indicate that during the saturation period, the transport of solutes in the bentonite
buffer will be influenced by water uptake from the surrounding host rock towards the wetting front, and
also by a cyclic evaporation/condensation process, induced by the thermal gradient (Figure 1).

Figure 1: Vertical cross section of the near-field of a KBS-3 repository showing the thermo-hydraulic and
transport processes that are believed to occur during the saturation period of the bentonite buffer.
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Our numerical models take into account the transport of solutes and geochemical reactions under non-
isothermal conditions, and in a scenario of variable pore water saturation. The reference groundwater
composition that represents the host rock groundwater (mainly located in fractures) is taken from a
borehole drilled in the Äspö HRL that supplied the LOT A2 test. The initial pore water composition of the
bentonite buffer is based on the experimental results attained in Karnland et al. (2008).

From the mineralogical description of the MX-80 bentonite, and under the pH and redox conditions
expected for the near-field of the future KBS-3 repository, the main reactive minerals of the bentonite
buffer are montmorillonite, gypsum and pyrite. In terms of its solubility, montmorillonite seems to remain
relatively stable under the geochemical and thermo-hydraulic conditions of a KBS-3 repository (Karnland
et al., 2008), and therefore, it only participates in cation exchange reactions. Finally, from the results
attained in previous works (Arcos et al., 2008; Karnland et al., 2008), anhydrite and calcite are let to
precipitate if oversaturation is reached.

The numerical model developed for the LOT A2 test indicates that the bentonite buffer is fully water
saturated within the first half-year which is in agreement with measured data (Figure 2).

Numerical results indicate that, despite the evaporation/condensation cycling, the chloride transported by
the flow of Äspö groundwater into the bentonite buffer behaves conservatively (no chloride salts
precipitate). In addition, numerical results indicate that the behaviour of anhydrite, gypsum and calcite is
influenced by the thermal gradient that is established during the saturation period of the bentonite buffer.
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Figure 2: Computed evolution of the saturation of the bentonite blocks located at the depth of the heater
of the LOT A2 test.


